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Abstract
Study design Narrative review.
Objectives To ﬁnd and discuss what has been published about the use of telehealth, on people with spinal cord injury
(teleSCI).
Setting International.
Method Cochrane Library, Ovid Medline, EMBASE and CINAHL, from 1996 till June 2017 have been searched. Searches
in PsycINFO, from 1996 till September 2017, were included afterwards. Extracted data include studies in English language,
containing information about spinal cord injury and disorders, and telehealth. Literature reviews, systematic reviews, and
studies containing other types of neurological disorders, were excluded. Studies were grouped based on how and to whom
telehealth was offered.
Results Twenty nine studies were included in the review. They were categorized according to the way teleSCI was provided,
and to what modality was used. Some studies utilized more than one modality. TeleSCI seems to be favorable concerning
treatment and follow-up, as well as favorable socioeconomically and environmentally. The studies spanned across several
aims and outcomes. There was also heterogeneity in number of participants, the differences in modalities, and in the level of
evidence. Thus it was challenging to compare studies and make future recommendations.
Conclusions TeleSCI can be used for examination and guiding purposes. Further research is warranted to evaluate optimal
utilization, methodology and efﬁcacy.
Sponsorship The ﬁrst author has received funding from the Norwegian Extra Foundation.
Introduction
One of the most signiﬁcant changes in the practice of
medicine has been the use of telemedicine [1]. Telemedicine
can be deﬁned as “the investigation, monitoring and
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management of patients and education of patients and staff,
using systems which allow access to expert advice and
patient information, no matter where the patient or relevant
information is located [2]”. Telemedicine was used as early
as in the 1930s for telephone consultations for passengers
on the Queen Mary [3]. Recently, the use of telemedicine
has expanded rapidly with services available directly to
patient for common concerns, such as upper respiratory and
urinary tract infections [4] and through consultation from
healthcare facilities for issues such as diabetic retinopathy
[5], acute stroke [6] and intensive care unit patient man-
agement [7].
People with spinal cord injury (SCI) have difﬁculties
with transportation and they represent a group that could
beneﬁt from using telemedicine services [8]. Moreover,
there are few specialists who are qualiﬁed to care for per-
sons with SCI/D and patients often reside far from their
providers. At the International Spinal Cord Society (ISCoS)
Annual Scientiﬁc Meeting in Vienna, Austria on 16 Sep-
tember 2016 [9], an international panel of leaders in tele-
health services put on an instructional course regarding
telemedicine and SCI/D, coining the term “tele-
spinalcordinjury”, or teleSCI. Subsequent to this forum, we
determined a need to describe what has been published
about this topic with the aim to ﬁnd what is the status of the
use of telehealth in the group of people with SCI. We chose
to limit our search to only apply to this group, because of
the profound mobility impairments associated with SCI as
compared to other disabilities.
Method
Articles included in this narrative review [10, 11] are listed
in Table 1.
Searches
Searches on the databases (The Cochrane Library, Ovid
Medline, EMBASE, and CINAHL) were set to a time frame
of 1996 to June 2017. These searches were carried out on
October 15, 2016, November 16, 2016 and ﬁnally on June
6, 2017. PsycINFO was added with a search on September
5, 2017. Searches were created in collaboration with a
Senior Librarian with expertise in medical science searches,
working at the University Library of Oslo. Our search
strategies included primary and secondary search terms in
both medical subject headings (MeSH) and in title/abstract.
Filter terms (year from 1996–current; English and Scandi-
navian language) were used to eliminate irrelevant articles
(supplementary materials 1–2). We limited our search to the
1996–2017 period, because we wanted to include the use of
primarily new telehealth technology. The English language
was chosen as ﬁlter term, supplemented by the Scandina-
vian languages, because three of the authors are familiar
with these languages. No articles about the topic were found
in any of the Scandinavian languages. The Ovid Medline
strategy was adapted to the syntax and subject headings of
the other databases (Supplementary materials 3).
Eligibility criteria
We included randomized controlled trials (RCTs), non-
randomized studies, case series with more than ﬁve parti-
cipants and interrupted time serial studies with more than
ten participants, both genders and all ages. We excluded
studies not in English or Scandinavian languages, literature
reviews, systematic reviews, and studies containing a
majority of individuals with other neurological disorders.
Categorization of articles
Only original research articles were included (Supplemen-
tary materials 4–7). Titles were reviewed ﬁrst, followed by
assessing relevant abstracts. Subsequently inclusion and
exclusion criteria were utilized to determine which papers
were selected for full reading and potential review. The
results were divided into groups focusing on SCI and tele-
health (teleSCI), with attention to how the teleSCI support
was provided, leading to four different groups; voice only
(telephone or mechanical voice), video plus voice (screen/
videoconferencing), computer only (laptop/PC/tablets) and
robotic voice or video (mechanical voice and/or animation).
We then focused on to whom the telehealth service was
given, and divided the results in ﬁve different groups, con-
taining provider to provider (health care workers to health
care workers or to other caregivers), direct to consumer
(health care workers to patients), store and forward (trans-
mission of information to health care receivers or users, not
active live communication), web-based treatments (online
education) and interactive home monitoring ( e.g. with home
based vital signs monitors) (Table 2). For purposes of our
discussion, we use the term “direct to consumer” when care
is included as one to one treatment to the home.
Outcome measures
TeleSCI plus standard care was compared to standard care
alone, to evaluate the beneﬁt of teleSCI. Standard treatment
included general outpatient treatment and inpatient treat-
ment. We included adverse effects in the grading, when
presented in the studies. All effects are mentioned as pre-
sented in the studies along with a short explanation/deﬁni-
tion for each, with the aim of documenting the overall effect
of teleSCI. The degree various forms of teleSCI have been
shown to beneﬁt patients in psychosocial (mental health,
644 I. Irgens et al.
family, vocational counseling), medical (e.g., pressure
sores, upper respiratory infections, spasticity), and func-
tional (e.g., physical, occupational and recreational thera-
pies) ways, are documented. Satisfaction, time and money
saved, are reported when available (Table 1).
Selection of studies
The ﬁrst author (II) conducted the initial search together
with the librarian. The ﬁrst author then chose the selection
of studies for further investigation. The selection was
double-checked by the last author (MAl). The librarian
entered each selected article into a reference management
database and duplicates were excluded (Fig. 1).
Three groups of authors, two authors in each group
(II and TR, NL and F B-S, MAr and RM), extracted
information from the articles into a summary table
(Table 1). Any disagreement in the groups was resolved by
the last author (MAl). Each article that met the inclusion
criteria is summarized in this table. Abstracted data included
categories and modalities of the teleSCI used, diagnostic
information, methodology, study design details, number of
included/excluded individuals, number of individual
responders, feasibility and outcome measures of the study
(Table 1).
Data analysis
Following data extraction, study characteristics and vari-
ables were tabulated. Because of the small number of arti-
cles, the large heterogeneity in the study types, and because
it was not possible to make a well-deﬁned review question,
both a formal meta-analysis and a structured review were
deemed not eligible, and a narrative review was performed.
Results
A total of 1483 potentially relevant articles were identiﬁed
(Supplementary materials 4–7). Duplicates (n= 763) were
removed. Title and abstract screening identiﬁed 94 articles
meeting the inclusion criteria for the abstract review, and
the full text of the articles read. Twenty nine full text articles
met the inclusion criteria for the review. Sixty ﬁve studies
were excluded. A summary is provided in the ﬂow diagram
(Fig. 1). Detailed study results are presented in Table 1.
Based on the categories we found two studies considered
provider to provider, 19 direct to consumer, one store and
forward, six web-based treatments and three interactive
home monitoring studies. Thirteen of the studies included
the modality voice only, nine video plus voice, seven
computer, and two robotic voice or video. In some of the
Duplicate studies removed
(n=763)
Records screened by titles/ 
abstracts after duplicates 
removed
(n=720)
Records excluded:because 
of
Book- chapers
Posters
Commentaries
Conference abstracts         
Papers with other topics
(n=626)
Full-text articles assessed for 
eligibility
(n= 94)
Full-text articles excluded
because of not meeting        
the inclusion criterias
(n=65)
Total articles included
(n=29)
Ovid
(n= 489)
i  Medline
(n= 489)
Embase
(n= 547)
The Cochrane 
Library
(n= 61)
Cinahl
(n= 293)
PsychINFO
(n= 93)
Fig. 1 Flowchart of the selection
of articles
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categories, teleSCI care was provided via multiple mod-
alities (Table 2).
Provider to provider
Provider to provider treatment is used for collaboration
between different hospital departments or between specia-
lized health care and municipality. One retrospective study
was classiﬁed as provider to provider [12]. In this study the
authors looked at a convenience sample of veterans in the
United States (US) with diagnosis of pressure ulcers (PUs),
and then compared the costs of those veterans who had been
treated with teleSCI, vs. those who had not been treated
with teleSCI through the Veteran Affairs (VA) Decision
Support System. Using this methodology, costs of provid-
ing specialty wound care to 76 SCI veterans by video plus
voice teleconsultation vs. traditional care, in terms of
inpatient admissions, bed days of care, outpatient visits,
overall cost for outpatient care and overall cost for inpatient
skin/ wound care were compared. The teleSCI group had
more outpatient encounters (median 12 vs. 4, p= 0.007)
and longer inpatient stays, compared to traditional care (81
vs. 19 days/admission). The median cost per outpatient
encounter was higher ($440 vs. $141, p< 0.0001) in the
teleSCI group. There were no signiﬁcant differences in
inpatient admission cost. This study retrospectively com-
pared two groups—one treated with telemedicine, and we
do not know the reasons why telemedicine was chosen for
the individuals, or if all necessary information was loaded
into the VA Decision Support System. We do not know the
distance between the subjects and the facilities they
received care in, the support systems or the degrees of PUs
in the two groups, thus these results cannot be generalized.
Although not traditionally provider to provider, Careau
[13], assessed the feasibility of video-conferencing for the
inter-professional team managing people with SCI. Video
conferencing was used to incorporate healthcare workers,
community partners, patients and their caregivers as part of
team meetings. Themes were assessed in 11 video con-
ferencing meetings involving 47 healthcare workers, ﬁve
community partners, eight patients and their ﬁve relatives.
A typical videoconference involved 12 participants with
average duration of 48 min. The authors noted a high rate of
productivity (90.6%) along with very little time focused on
resolving conﬂicts (5.5%) and discussion of unrelated topics
(4.0%). “Signiﬁcant changes of the client” were most often
addressed (18.4%).
Direct to consumer
As a reference for whether teleSCI therapy is feasible,
it is important to know what percentage of the SCI popu-
lation actively engages in use of computer technology.
Hogan et al. [14] studied 290 US veterans. With a 38%
response rate, ﬁndings revealed 64.8% of veterans used a
PC, 62.9% used the Internet, and 26.2% used text messa-
ging. In another article [34], the interrater reliability of
administration of the SCI secondary condition scale by
telephone, was tested in 40 individuals with SCI. Strong
interrater reliability was noted with a paper version of the
instrument. Another group [15] documented patient satis-
faction in 29 persons who had received a teleconsultation
after rehabilitation discharge. Thus, the use of direct to
consumer teleSCI seems feasible. This is also what Houli-
han et al. [16] found in their study, evaluating the impact of
“My Care My Call” (MCMC)—a peer-led, telephone-based
empowerment intervention. The authors concluded that “the
MCMC peer-led, health self-management intervention
achieved a positive impact on self-management to prevent
secondary conditions in adults with SCI”.
A single-site, single-blinded RCT evaluating 168 indi-
viduals receiving usual care plus telephone counseling vs.
usual care alone [17] evaluated self-reported health care
utilization and medical complications, depression severity,
current health state, subjective health and community par-
ticipation in the US. The groups were similar at baseline,
except that more control participants were married. There
were no differences between the groups in a composite
measure of health care utilization and medical complica-
tions, nor in psychosocial measures. Control participants
reported fewer emergency/urgent care visits than treatment
participants, thus one limitation of this study is that there
may have been many participants who had little need for
any intervention to address health or psychosocial out-
comes. Perhaps results would be more robust if there had
been identiﬁed participants with persistent problems
requiring the intervention. Nevertheless, it appears that this
direct to consumer intervention represents a promising
approach to reducing health care utilization.
In another study [18], 137 participants with acute SCI
from three sites in three different countries were randomized
to teleSCI with video conference sessions, or to standard
care. Treatment consisted of one teleSCI session every
week for 2 months followed by nine teleSCI bimonthly
sessions. Each session lasted 45 min and was one of two
types; type one included a medical doctor and a nurse, and
type two included a physiotherapist and/or an occupational
therapist. Participants in the control group received the
standard home-specialized, nursing-specialized, or unspe-
cialized hospital care that they would normally have
received after discharge. Outcomes included functional
post-discharge status at 6 months, incidence of complica-
tions and participants’ satisfaction with the healthcare ser-
vices. The authors reported the mean between-group
difference in their analyses for all the outcomes. Based on
the ﬁndings of functional independence measure (FIM) total
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score (mean between group difference 4.31; 95% CI
1.27–7.35) and FIM motor score (mean between group
difference 4.31; 95% CI 1.24–7.38) at one of the sites, the
authors concluded that teleSCI direct to consumer may
beneﬁt patients discharged from a spinal cord unit, com-
pared with standard care in terms of functional improve-
ment. In a public health report [19], the effectiveness of
teleSCI direct to consumer reduced the incidence of sec-
ondary conditions. 111 patients with SCI were randomized
to video-conferencing using a compact equipment, tele-
phone—using telephone line, or to standard care. Partici-
pants in the video and telephone groups received
individualized educational sessions with a study nurse once
a week for 5 weeks, then once every two weeks for 1 month
in addition to standard care. Standard care provided parti-
cipants a help line to call if and when they needed assistance
prior to a 2-month post discharge visit. Interestingly, the
authors did not report the mean between-group difference in
outcomes in their analyses, but they concluded that
telephone-or video-based interventions improve health-
related outcomes for people with acute SCI living at
home and that teleSCI may be cost-saving, using a direct to
consumer strategy.
Emotional adjustment is an area that is amenable to
treatment via telehealth. Dorstyn et al. [20] assessed the
efﬁcacy of telephone-based counseling vs. usual care to
improve the emotional adjustment of 40 adults with SCI in
Australia. All participants had recently been referred to
inpatient psychology treatment, thus were considered to
have baseline distress and in need of counseling post dis-
charge. In the treatment group seven teleSCI sessions were
delivered over a 12-week period, by a single psychologist.
Pre-intervention and post-intervention data, plus a 3-month
follow-up assessment, were compared with that of an SCI
control group who received standard care which consisted
of a single face-to-face consultation with a psychologist at
3 months post discharge. TeleSCI participants reported
clinical improvements in depression, anxiety and aspects of
SCI coping immediately post-intervention. Delivery related
outcomes, including participation rate and cost analyses,
were positive; however not statistically signiﬁcant. Effects
were also minimal at the 3-month follow-up; thus lasting
beneﬁts of teleSCI were not demonstrated. Results suggest
that “continued psychological services for individuals
reporting distress during their inpatient rehabilitation are
important, and can be delivered direct to consumer cost-
effectively, and efﬁciently by telephone [20]”.
Other studies document the efﬁcacy of teleSCI with
regards to physical therapies. One group [21] in the US
performed a pre-post study of a convenience sample of 16
chronic SCI individuals with shoulder pain and manual
impingement on exam. A 12-week exercise program was
coupled with therapist video monitoring for technique and
exercise advancement. Outcomes including pain and func-
tion were measured at baseline, post intervention
(12 weeks), and follow-up (>24 weeks) in a motion analysis
laboratory. There was a signiﬁcant main effect for pain and
function between the three time points on the Wheelchair
User’s Shoulder Pain Index, Disabilities of Arm, Shoulder
and Hand Index, and Shoulder Rating Questionnaire. Iso-
metric strength measurements of the serratus anterior and
scapular retractors signiﬁcantly increased after the exercise
intervention. Muscle impulse produced by the lower tra-
pezius during a fatigue task also improved. Limitations of
this study are that there was no control group with indivi-
duals being treated at a facility. Moreover, it would have
been interesting to see a cost and satisfaction analysis.
Another group [22] developed and examined the feasibility,
reliability and validity of tele-assessment of balance and leg
strength in 22 persons with chronic SCI. Motor and sensory
scores showed signiﬁcant improvements at 6 months;
however, there were no changes in balance scores. Overall,
this technique had excellent inter-rater reliability for mea-
suring leg force at maximum ﬂexion and at maximum
extension, and excellent intra-rater reliability for measuring
leg force at maximum ﬂexion, thus documenting the ability
to effectively assess SCI persons with regards to physical
changes via teleSCI. Effectiveness of the individual-level
impact of a previously piloted exercise counseling inter-
vention [23–25] was evaluated among 65 community
dwelling adults with SCI in Canada to promote leisure time
physical activity (LTPA). Fifty three patients participated in
the evaluation of a 6-month, individualized telephone-
counseling program, with focus on developing and
strengthening clients’ social cognitions for engaging in self-
managed LTPA. Efﬁcacy evaluation showed that intentions
for engaging in LTPA remained high throughout enrollment
with a trend for more clients engaging in moderate-to-
heavy-intensity LTPA at 6 months (52%) vs. baseline
(35%) (p= .09). Conclusions were that telephone-based
counseling is a promising strategy for promoting
community-based LTPA.
Another group [26] performed a pilot study of an oral
home telecare program training in the use of assistive
devices, using a rechargeable powered toothbrush with
brushing time display, a ﬂosser and a universal holder so
that the oral hygiene device could be fastened to their hand,
and PC-based videoconferencing between each participant
and an occupational therapist. Training consisted of ﬁve
15–30 min sessions over 3 months. Gingival health
assessment occurred at baseline, six and 12 months. Sta-
tistically signiﬁcant differences in gingival inﬂammation
and improved dental hygiene behaviors were reported at six
and 12 months compared to baseline evaluation. Lack of
high-speed internet services reduced the participation
rate, as did lack of computer literacy and software
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incompatibilities. The authors commented on the inability
to determine the extent of the contribution from the device
vs. the telecare service.
Another utility of direct to patient teleSCI is for treatment
and prevention of PUs. One group described a teleSCI
system in Norway to provide specialist guided community-
based follow-up for patients with PUs [8]. Home-based
follow-up was provided for seven patients with PUs using
video-teleconferencing technology with PC-based video-
conferencing equipment, and an external web-based camera
in the patient’s home. The pilot program was cost effective
at 15% of the cost associated with a regular outpatient clinic
appointment and 3% of the cost of an inpatient admission.
Patients and home nursing services reported favorable
experiences with this direct to consumer and provider to
provider system. Concerns included funding and coding for
such services. Further research and extension of services
was recommended. In another pilot, randomized trial of 30
individuals, evaluation of teleSCI with the use of telephone
contact as a model of community-based care for people with
SCI in Bangladesh [27], outcomes were measured in for-
mation of PUs, mortality, complications, depression, parti-
cipation and quality of life. One participant in each group
died, two participants in the control group, and three par-
ticipants in the intervention group had PUs at 2 years. Three
participants were hospitalized for serious PUs, and six
indicated that PUs had been a moderate or severe problem
in the preceding 3 months. In a newly published RCT [28]
including 120 participants with PUs, using a telephone-
based intervention, the authors found that PUs healed sig-
niﬁcantly better in the intervention group vs. the control
group. Despite these results, the authors said that their
results weren’t conclusive for recommendations. However,
taken together, these two trials [27, 28] demonstrate the
feasibility of using teleSCI to provide regular follow-up
direct to consumer, after discharge, for people with SCI in
low-income and middle-income countries.
Hill et al. [29] did a validation study of home telehealth
for pressure ulcer assessments among patients with SCI.
They compared the reliability and validity of assessments
made via telephone and videoconferencing with a reference
method, and found that “the agreement on the presence of a
PU was excellent for both telephone and videoconferencing
approaches (92% for telephone, 97% for videoconferen-
cing). The diagnoses of the stage of PU made via telephone
and videoconferencing showed substantial to almost perfect
agreement with the inperson diagnoses (Spearman’s rho of
0.76 and 0.83, respectively)”. The authors write “There was
a tendency for the measurements of wound volume to be
somewhat larger in the telephone and videoconferencing
modalities compared to those made in-person.
Bland–Altman plots showed that videoconferencing gave
substantially narrower 95% limits of agreement”, and the
authors concluded that “the ﬁndings indicate that telephone
can be a useful tool for identifying the presence of a PU, but
videoconferencing is required to obtain an evaluation rea-
sonably close to that of a home visit [29]”.
In some of the studies in the “direct to consumer” group,
the teleSCI participants received additional support/ ther-
apy, and this might have resulted in improved outcomes for
the teleSCI group. Further research should compare tele-
health with equal amonts of traditional therapy or therapy
similar to that offered via telehealth. Then it will be possible
to compare whether teleSCI is a more cost-effective and
efﬁcient way to deliver post discharge health services.
Store and forward
Only one study [30] was found showing good efﬁcacy of
using stored images of PUs for teleSCI. With regards
to deciding a treatment plan, the total percentage agreement
between the tele-assessment decision and the live decision
strategy was good, with an inter-rater reliability of 0.96
(0.93–0.98) and an agreement with paper version of 0.90
(0.83–0.95), indicating that tele-assessment of PUs in
individuals with SCI using digital images may be a feasible
option.
Web-based treatments
Seven studies [14, 30–33, 35, 38] referred to online mon-
itoring (Table 2), four of them considered primarily web-
based treatments. [31–33, 35]. In a pilot study [31] of a
web-based self-management system for people with SCI
utilizing intermittent catheterization (IC), 30 persons with
SCI were enrolled, and 22 completed the entire program,
which included three phone calls with a continence nurse
and an online forum. The study also tested new self-
efﬁcacy-scales and self-management scales at the beginning
and end of the study; however, they found no statistically
signiﬁcant improvement. According to the authors, this
study “indicates that a web-based education program, fol-
lowing inpatient rehabilitation and also years after IC
training, particularly when supported by phone, nursing
consultation and online discussion, is likely to be well
received by people who have a SCI [31]”.
In another article [32], the pre-treatment and post-
treatment effect of an online self-help program, Psyﬁt was
evaluated. Seven out of 14 participants with SCI completed
the modules, and the authors reported an increase in
mental health, but a non-signiﬁcant change in well-being. It
was proposed that Psyﬁt may be a feasible program, but
there were no signiﬁcant results to support this in the article.
The authors recommended further controlled studies,
and they also recommended the use of teleSCI as a diag-
nostic tool.
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Interactive home monitoring
A descriptive report [34] discussed home monitoring with
data messaging devices in 33 SCI males. The device
included about 400 content items assessing a broad range of
symptoms, educational needs, and self-management beha-
vior recommendations. Improvement in clinical outcomes,
care management practices, clinical ﬂow processes and
issues that needed to be addressed prior to broader protocol
implementation were described in a subset of patients.
Issues included accessibility and conﬁdentiality concerns
related to the program; however, overall the program was
touted as a potentially excellent self-management, early
education, home-based tool for newly injured SCI persons.
Increased access to specialty care and early information
received via the devices was hypothesized as potentially
beneﬁcial in allowing for earlier interventions and preven-
tion of symptom worsening.
Discussion
In this review we have studied the status of to whom and
how teleSCI has been offered for the last 20 years.
The actual number of articles included in the review was
29. Twelve of the studies were conducted as RCTs, nine
were pilot studies, and the remainder were conducted as
non-randomized, observational, or descriptive studies,
mainly to see if teleSCI interventions were feasible
(Table 1). Different aims and outcomes, and lack of infor-
mation about selection criteria, different categories, and
modalities, are weaknesses in the studies. As commented by
Wilde et al. [31], “because of the small the number of
participants, small changes could not reach signiﬁcance,
even if there was a trend”. These small sample sizes, makes
it difﬁcult to make any uniﬁed recommendations for the
whole SCI population [31] or for further development.
Even though there are indications that teleSCI can be an
effective means to communicate and collaborate, we are
not yet able to conclusively document that teleSCI is an
optimal means of interacting between health care profes-
sionals or between professionals and people with SCI/D.
Additionally, as this is an evolving ﬁeld, the safety and
security concerns needs further research.
Overall, studies highlight current issues in the perfor-
mance of teleSCI. Yuen et al. [15], discuss the lack of high
speed internet services reducing participation rate as did
lack of computer literacy and incompatibility of partici-
pants’ computers with the videoconferencing program. The
need for caregiver assistance to use an at-home-monitoring-
program was emphasized by Woo et al. [34]. However,
with successful provision of services there was high
patient satisfaction [26] and services were found to be cost
effective [8].
A confounding factor may be that a number of the stu-
dies [8, 17] didn’t evaluate the necessity of participating in
the study. Thus, they may have included individuals with
little need for interventions to address health or psychoso-
cial outcomes, and ﬁndings may not be as robust as they
would have been if all participants had clinical needs.
Additionally, some studies could be placed in multiple
categories (Tables 1, 2), making between study compar-
isons difﬁcult. Other studies [21] compared various treat-
ments performed via teleSCI, thus they were actually not
assessing teleSCI vs. standard care. This makes it difﬁcult to
compare the use of teleSCI with other interventions, as well
as to compare the potential of teleSCI to prevent develop-
ment of complications. Therefore there are still unsolved
questions about whether teleSCI is a good thing for people
with SCI/D, and if it is good, for what acute and chronic
problems is it better than in person care, for which is it
inferior to in person care, and for which ones is it similar to
face- to- face? We didn’t manage to ﬁnd conclusive answers
on ﬁnancial implications or if there are adverse events to be
aware of. We recommend to bear this in mind when future
trials are planned.
Future recommendations for teleSCI
There are many companies developing telemedicine ser-
vices to provide routine care to able-bodied individuals, and
many beneﬁts of telehealth are being recognized. Telehealth
is environmental friendly with a lower impact in CO2
emissions, and lower cost due to a decrease in travel.
Table 2 Characteristics of
studies included in the review
Category of the study Modalities of teleSCI
Voice only Video plus voice Data only Robotic voice or video
Provider to provider 2
Direct to consumer 11 7 1
Store and Forward 1
Web-based treatments 1 3 2
Interactive Home Monitoring 1 2
Some of the studies utilized more than one modality
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Telehealth may also be ideal to use in times of disaster. It is
convenient and saves time for the patient and high patient
satisfaction rates have been found. Health care services like
telepsychology [35] are relatively commonplace and tele-
medicine used in the group of patients suffering sequelae
after stroke [6] is routinely used in rural hospitals. More-
over, insurance carriers are realizing the beneﬁts of tele-
health and it is being frequently reimbursed. Telemedicine
is also being used more and more for emergency care and
crisis management [7]. The lack of qualiﬁed providers, the
high costs and burden of transportation for persons with SCI
and their frequent common acute health problems, such as
urinary tract infections, pressure sores and respiratory
concerns, make teleSCI an ideal way to provide care.
Similarly, long-term concerns, such as spasticity and
pain management, are amenable to intermittent visits via
teleSCI rather than repetitive visits to the clinic. More-
over, similar to the able-bodied population, the provision of
psychotherapy, physical, occupational, speech and voca-
tional services to persons with SCI/D, via teleSCI is
appropriate. Finally, teleSCI to rural hospitals by an SCI
specialist, could bring the possibility for more accurate
diagnosis of acute SCI, so that optimal therapy could be
provided.
As can be seen from this report, the predominant format
that has been tested to date regarding teleSCI involves
delivery of care directly from the provider to patient’s homes.
Store and forward is routinely used in radiology; however,
limited research has been done on its beneﬁts in the SCI
population. Provider to provider would be an excellent plat-
form for collaboration, and to develop services for persons
with SCI. This is because the number of specialized profes-
sional caring for persons with SCI is limited; however, these
services have not been tested. Moreover, provider to patient
may also be performed in this type of setting when a provider
at one facility provides care to a patient at a remote facility.
Web-based treatments where the consumer receives therapy
or training via a program accessed via the internet has begun
to be developed for SCI, but such services are still in their
infancy. Interactive home monitoring or the provision of
automated monitoring services to patients in their homes, are
beginning to be developed.
Developing a teleSCI program requires resolution of
deﬁned key issues to ensure services are safely provided.
Use of a secure communication platform is necessary to
ensure appropriate conﬁdentiality of patient information.
Appropriate consent must be provided, and safe and secure
downloading of the necessary software must be given
priority. State and country licensure regulations for services
provided must be considered as must privilege concerns and
accreditation processes. As regulations for these services are
varied, it is important for the provider to be knowledgeable
about the exact locations they are practicing.
One major barrier for the provision of teleSCI services is
the issue of insurance. Local and national issues need to be
taken into account. Finally, the issue of reimbursement must
be investigated. Although some national and private insur-
ance companies are providing reimbursement for telehealth,
the rules are constantly changing and each system and
provider will need to determine the cost/beneﬁt of the
provision of teleSCI services. Additionally, equipment
needs and whether peripheral devices are necessary to view
details of PUs must be considered.
TeleSCI has the possibilities to support both patients and
providers with face-to-face communication at a distance. It
seems to be a useful, safe and cost-effective tool applied in
different modalities, by different members of the multi-and
interdisciplinary team, with possibilities for better user
participation from the patients. Future work will require
standards of care for teleSCI services and research that
addresses user-participation, safety, efﬁcacy, cost-beneﬁt
and quality of life. A standardized dataset may also be
appropriate to describe telehealth interventions for persons
with SCI. This should allow future research to be conducted
in a fashion that will allow comparison of patient popula-
tions, accessibility to technology, treatment interventions
and efﬁcacy.
Conclusion
The use of telemedicine has expanded rapidly [1], and
both inpatient and outpatient services are available directly
both to patient and caregivers for common concerns.
These services seem to be socioeconomically and envir-
onmentally favorable. Yet, we do not have enough evidence
about optimal methods for utilization, methodology and
efﬁcacy of teleSCI. We need continued research to evalu-
ate, so that further development and expansion will be for
the best of both caretakers and caregivers.
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